WORLD INTEU-ECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ ; 
C07C 17/383, 17723, 19/10 



A2 



(11) International Publication Number: WO 99/51556 

(43) International PubUcation Date: 14 October 1999 (14.10.99) 



(21) International Application Number: PCT/US99/07224 

(22) International Filing Date: 1 April 1999 (01.04.99) 



(30) Priority Data: 
60/080.710 



3 April 1998 (03.04.98) 



US 



(71) Applicant {for all designated States except US): E.L DU PONT 

DE NEMOURS AND COMPANY [US/US]; 1007 Maricet 
Street, Wibnington, DE 19898 (US). 

(72) Inventors; and 

(75) Inventors^^pplicants (for US only): MILLER, Ralph, Newton 
[US/US]; 39 HiUstream Road, Newark, DE 19711 (US). 
RAO, v., N., Mallikarjuna [US/USl; 1 Georgetown Avenue. 
Wilmington, DE 19809 (US). SWEARINGEN, Steven, H. 
[US/US]; 917 North Bancroft Parkway, Wilmington. DE 
19805 (US). 

(74) Agent: HEISER, David, E.; E.L du Pont de Nemours and 
Clompany, Legal Patent Records Center, 1007 Market Street, 
Wilmington, DE 19898 (US). 



(81) Designated States: AE. AL. AU. BA, BB, BG. BR. CA. CN. 
CU. CZ. EE. CD. GE, HR, HU, ID. IL. IN. IS. JP. KP, KR. 
LC. LK. LR. LT, LV. MG. MK, MN. MX, NO, NZ, PL. 
RO. SG. SI. SK. SL. TO, TT, UA, US. UZ. VN, YU. ZA. 
ARIPO patent (GH, GM, KE. LS, MW. SD. SL. SZ. UG. 
ZW). Eurasian patent (AM, AZ. BY, KG. KZ, MD. RU. TJ. 
TM). European patent (AT, BE. CH. CY, DE. DK. ES, FI. 
FR. GB. GR, IE. IT, LU, MC, NL, PT, SE). OAPI patent 
(BF. BJ. CF, CX5, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 
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AZEOTOOPES THEREOF WITH HF 



(57) Abstract 

A process is disclosed for die separation of a mixture of HF and CF3CCI2CF3. The process involves placing the mixmre in a 
separation zone at a temperature of from about 0 ^C to about 100 ^C and at a pressure sufficient to maintain the mixture in the liquid phase, 
whereby an organic-enriched i^iase comprising less than 69 mole percent HF is formed as die bottom layer and an HF-enriched phase 
comprising more dian 90 mole percent HF is formed as the top layer. The organic-enriched phase can be withdrawn from die bottom of 
the separation zone and subjected to distillation in a distillation column to recover essentially pure CF3CCI2CF3. The distillate comprising 
HF and CI^sCCIiCFb can be removed from die top of the distillation column, while essentially pure CF3CCI2CF3 can be recovered from 
the bottom of the distillation column. Also, the HF^nriched phase can be wididrawn from the top of the separation zone and subjected to 
distillation in a distillati<m column. The distillate comprising HF and CF3CCI2CF3 can be removed from the top of the distillation colunm 
while essentially pure HF can be recovered from the bottom of the distillation colunm. If desired, the two distillates can be recycled to the 
separation zone. Also disclosed arc compositions of hydrogen fluoride in combination widi an effective amout of CF3CCI2CF3 to form an 
azeotrope or azeotrope-like composition with hydrogen fluoride. Included are compositions containing from about 13.8 to 31.3 mole percent 
CFaCChQ^s. Also disclosed is a process for producing 1,1,1, 3.3 3-hexafluoropn)pane from a mixture comprising HF and CF3CCI2CF3. 
This process is characterized by preparing essentiaUy pure CF3CCI2CP3 as indicated above, and reacting the CF3CCI2CF3 widi hydrogen. 
Another process for producing 1,1,1,3,3,3-hexafluoropropane disclosed herein is characterized by contacting an azeotrope of CF3CCI2CF3 
as indicated above widi hydrogen and reacting the CF3CX::i2CF3 with hydrogen in die presence of HF. 
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TITLE 

PROCESSES FOR THE PURIFICATION AND USE 
OF 2,2.DICHLORO- 1,1,1 ,3,3,3.HEXAFLUOROPROPANE 
AND AZEOTROPES THEREOF WITH HF 
5 FIELD OF THH INVENTION 

This invention relates to the purification of 2,2-dichloro- 1,1, 1,3,3,3- 
hexafluoropropane (i.e., CF3CCI2CF3, or CFC-216aa), its azeotropic 
compositions with hydrogen fluoride and their use. 

BACKGROUND 

10 CFC-2 1 6aa can be used to prepare 1,1,1 ,3 ,3, 3 -hexafluoropropane (i.e., 

CF3CH2CF3 or HFC-236fa) by hydrogenolysis (see e.g., PCT International 
Publication No. 96/17813). The product, CF3CH2CF3, has numerous uses 
including use as a refrigerant and fire extinguishant. 

CFC-2 16aa can be prepared from an appropriately substituted three-carbon 

15 precursor (e.g., perchloropropene) by chlorofluorination. Typically excess HF is 
used to obtain favorable reaction rates for conversion of the precursors to 
CFC-2 16aa. HF may be removed from the halogenated hydrocarbon components 
of the product mixture using conventional aqueous solution scrubbing techniques. 
However, the production of substantial amounts of scrabbing discharge can create 

20 aqueous waste disposal concerns. 

There remains a need for processes that utilize HF in such product 
mixtures in an environmentally benign manner. 

SUMMARY OF THE INVENTION 
This invention provides a process for the separation of a mixture 

25 comprising HF and CF3CCI2CF3. The process comprises placing the mixture in a 
separation zone at a temperature of from about 0°C to about 100°C and at a 
pressure sufficient to maintain the mixture in the liquid phase, whereby an 
organic-enriched phase comprising less than 69 mole percent HF is formed as the 
bottom layer and an HF-enriched phase comprising more than 90 mole percent HF 

30 is formed as the top layer. 

The organic-enriched phase can be withdrawn from the bottom of the 
separation zone and subjected to distillation in a distillation colunm to recover 
essentially pure CF3CCI2CF3. The distillate comprising HF and CF3CCI2CF3 can 
be removed from the top of the distillation colunm, while CF3CCI2CF3 which is 

35 essentially free of HF can be recovered from the bottom of the distillation colunm. 
If desired, the distillate can be recycled to the separation zone. 

The HF-enriched phase can be withdrawn from the top of the separation 
zone and subjected to distillation in a distillation colunm. The distillate 
comprising HF and CF3CCI2CF3 can be removed from the top of the distillation 

1 
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column while essentially pure HF can be recovered from the bottom of the 
distillation column. If desired, the distillate can be recycled to the separation 



zone. 



Also provided are compositions which comprise hydrogen fluoride in 
5 combination with an effective amount of CF3CCI2CF3 to form an azeotrope or 
azeotrope-like composition with hydrogen fluoride, said composition containing 
from about 13.8 to 31.3 mole percent CF3CCI2CF3. 

Also provided is a process for producing 1,1,1,3,3,3-hexafluoropropane 
from a mixture comprising HF and CF3CCI2CF3. The process is characterized by 
10 preparing CF3CCI2CF3 which is essentially free of HF as indicated above, and 
reacting said CF3CCI2CF3 with hydrogen. 

Also provided is another process for producing l,l,L3,3,3-hexafluoro- 
propane. This process is characterized by contacting an azeotrope of 
CF3CCI2CF3 and HF as described above, with hydrogen, and reacting the 
15 CF3CCI2CF3 with hydrogen in the presence of HF. 

BRIEF DESCRTPTTON OF T HK DRAWING 
Fig. 1 is a schematic flow diagram of an embodiment of the purification 
process of this invention, namely an azeotrope separation process. 

^]pTAn DFSCRIPTION 
20 Figure 1 is illustrative of one method of practicing a separation process in 

accordance with this invention. Referring to Figure 1, a feed mixture comprising 
HF and CFC-21 6aa with a HF:CFC-2 1 6aa molar ratio of greater than about 1 : 1 , is 
passed through line (210), along with recycles from lines (235) and (240), through 
cooler (100) into a separation zone (200). The feed mixture might, for example, 
25 be derived from a reactor for synthesizing CFC-2 1 6aa by the chlorofluorination of 
perchloropropene, and feed line (210) might follow an HCl removal column (not 
shown). The separation zone (200) is held at a temperature of between from about 
O^C and about 1 00°C, preferably between about 0°C and 25°C, and at a pressure 
sufficient to keep the mixture as a Uquid. For example, at about 1 00°C the 
30 separator would be maintained at a pressure greater than about 260 psia 

(1792 kPa), and at about O^C the separator would be maintained at a pressure 
greater than about 10 psia (69 kPa). At these temperatures, the liquefied stream 
forms two phases, one phase organic-enriched compared to the feed mixture, the 
other phase HF-enriched compared to the feed mixture. The organic-rich phase 
35 typically contains more than about 3 1 mole % organic; the HF-rich phase typically 
contains more than about 90 mole % HF. Within the preferred temperature range 
of 0°C to 25°C, the organic-rich phase typically contains 10 mole percent HF, or 
less, and the HF-rich phase temperature contains 98 mole percent HF, or more. 
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The HF-rich phase is removed through line (225) fix>m the top of the 
separation zone (200) and fed to a multiple stage distillation column (300) 
operated under conditions such that a lower boiling azeotropic or azeotrope-like 
mixture is formed comprising HF and CFC-2l6aa. The column (300) operating 

5 pressure is typically between from about 1 0 psia (69 kPa) to about 250 psia 
( 1 723 kPa) and the top temperature is typically from about O^C to about 1 00°C, 
but with the exact temperature being dependent on the operating pressure. The 
HF/CFC-216aa azeotrope is distilled overhead and removed from the top of the 
column (300) through line (235) and recycled back to the cooler (100). 

10 Essentially pure HF can be removed from the bottom the distillation colunm 
though line (310). 

The organic-rich phase is removed from the bottom of the separation zone 
(200) through line (230) and fed to another multistage distillation column (400) 
operated under conditions such that a low boiling azeotropic or azeotrope-like 

15 composition comprising HF and CFC-216aa is formed. The column (400) 
operating pressure is typicaUy between from about 10 psia (69 kPa) to about 
250 psia (1723 kPa) and the top temperature is from between about O^C to about 
lOO'C, but with the exact temp»ature being dependent on the operating pressure. 
The HF/CFC-216aa azeotrope is distilled overhead and removed from the top of 

20 the column through line (240) and recycled to the cooler (1 00). EssentiaUy pure 
CFC-216aa is removed from the bottom of the colunm through line (320). 

As noted above, the CFC-216aa may be reacted with hydrogen to form 
CF3CH2CF3. Examples of this process include processes where the CFC-216aa is 
reacted with hydrogen at an elevated temperature of about 300*C or less in the 

25 presence of a hydrogenation catalyst. Also included are processes where 

CFC-2 1 6aa is reacted with hydrogen without a catalyst at a temperature within the 
range of about 350°C to 700°C. 

Those skilled in the art will recognize that since the drawings are 
representational, it will be necessary to include fiirther items of equipment in an 

30 actual commercial plant, such as pressure and temperattire sensors, pressure relief 
and control valves, compressors, pumps, storage tanks and the like. The provision 
of such ancillary items of equipment would be in accordance with conventional 
chemical engineering practice. 

The above embodiment of this invention involves azeotropic distillation of 

35 mixtures of HF and CF3CCI2CF3 (CFC-216aa). The product mixtures distilled in 
accordance witii tiiis invention can be obtained from a variety of sources. These 
sources include product mixtures obtained by chlorofluorination of CF3CCl=CCl2 

to CF3CCI2CF3. 



3 



BNSOCX:iD: <WO 9951556A2J_> 



wo 99/51556 



PCT/US99/07224 



Of note is a process wherein CF3CCI2CF3 is purified from a mixture 
which consists essentially of hydrogen fluoride in combination with an effective 
amount of CF3CCI2CF3 to form an azeotrope or azeotrope-like composition with 
hydrogen fluoride, said azeotropic composition containing from about 13.8 to 
5 31.3 mole percent CF3CCI2CF3. 

The present invention also provides compositions which consist essentially 
of hydrogen fluoride and an effective amount of CF3CCI2CF3 to form an 
azeotropic combination with hydrogen fluoride. By effective amount is meant an 
amount which, when combined with HF, results in the formation of an azeotrope 
10 or azeotrope-like mixture. As recognized in the art, an azeotrope or an azeotrope- 
like composition is an admixture of two or more different components which, 
when in liquid form under given pressure, will boil at a substantially constant 
temperature, which temperature may be higher or lower than the boiling 
temperatures of the individual components, and which will provide a vapor 
15 composition essentially identical to the liquid composition undergoing boiling. 

An azeotrope is a liquid mixture that exhibits a maximum or minimum 
boiling point relative to the boiling points of surrounding mixture compositions. 
An azeotrope is homogeneous if only one liquid phase is present. An azeotrope is 
heterogeneous if more than one liquid phase is present. Regardless, a 
20 characteristic of minimum boiling azeotropes is that the bulk liquid composition is 
then identical to the vapor composition in equilibrium therewith, and distillation 
of the azeotropic mixture is ineffective as a separation technique. For the purpose 
of this discussion, azeotrope-like composition means a composition which 
behaves like an azeotrope (i.e., has constant-boiling characteristics or a tendency 
25 not to fractionate upon boiling or evaporation). Thus, the composition of the 

vapor formed during boiling or evaporation of such compositions is the same as or 
substantially the same as the original liquid composition. Hence, during boilmg 
or evaporation, the liquid composition, if it changes at all, changes only to a 
minimal or negligible extent. This is to be contrasted with non-azeotrope-like 
30 compositions in which during boiling or evaporation, the liquid composition 
changes to a substantial degree. 

Accordingly, the essential features of an azeotrope or an azeotrope-like 
composition are that at a given pressure, the boiling point of the liquid 
composition is fixed and that the composition of the vapor above the boiling 
35 composition is essentially that of the boiling liquid composition (i.e., no 

fractionation of the components of the liquid composition takes place). It is also 
recognized in the art that both the boiling point and the weight percentages of each 
component of the azeotropic composition may change when the azeotrope or 
azeotrope-like liquid composition is subjected to boiling at different pressures. 
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Thus an azeotrope or an azeotrope-Iike composition may be defined in terais of 
the unique relationship that exists among components or in terms of the 
compositional ranges of the components or in terms of exact weight percentages 
of each component of the composition characterized by a fixed boiling point at a 
5 specified pressure. It is also recognized in the art that various azeotropic 
compositions (including their boiling points at particular pressures) may be 
calculated (see, e.g., W. Schotte, Ind. Eng. Chem. Process Des. Dev. 1980, 19, 
pp 432-439). Experimental identification of azeotropic compositions involving 
the same components may be used to confirm the accuracy of such calculations 
10 and/or to modify the calculations for azeotropic compositions at the same or other 
temperatures and pressures. 

Compositions may be formed which consist essentially of azeotropic 
combinations of hydrogen fluoride with CF3CCI2CF3. These include a 
composition consisting essentially of from about 86.2 to about 68.7 mole percent 
15 HF and from about 1 3.8 to 3 1 .3 mole percent CF3CCI2CF3 (v^ch forms an 

azeotrope boiling at a tempetatuie fh>m between about 0°C and about 1 10°C and a 
pressure between about 73.9 kPa and about 2217 kPa). 

At atmospheric pressure, the boiling points of hydrofluoric acid and 
CFC-216aa are about 19.5°C and 32.6''C, respectively. At a pressure of 12.7 psia 
20 (87.7 kPa) and 4°C, the relative volatility was found to be nearly 1 .0 as 85.7 mole 
percent HF and 14.3 mole percent CFC-216aa was approached. At a pressure of 
620 kPa (89.9 psia) and 60°C, the relative volatility was foxmd to be nearly 1.0 as 
77.4 mole percent HF and 22.6 mole percent CFC-216aa was approached. These 
data indicate that the use of conventional distillation procedures will not result in 
25 the separation of a substantially pure compound because of the low value of 
relative volatility of the compotmds. 

To determine the relative volatility of HF with each of CFC-216aa, the 
so-called PTx Method was used. In this procedure, the total absolute pressure in a 
cell of known volume is measured at a constant temperature for various known 
30 binary compositions. Use of the PTx Method is described in greater detail in 
"Phase Equilibrium in Process Design", Wiley-Interscience Publisher, 1970, 
written by Harold R. Null, on pages 124 to 126, the entire disclosure of which is 
hereby incorporated by reference. Samples of the vapor and liquid, or vapor and 
each of the two liquid phases under those conditions where two liquid phases 
35 exist, were obtained and analyzed to verify their respective compositions. 

These measurements can be reduced to equilibrium vapor and liquid 
compositions in the cell by an activity coefficient equation model, such as the 
Non-Random, Two-Liquid (NRTL) equation, to represent liquid phase non- 
idealities. Use of an activity coefficient equation, such as the NRTL equation, is 

5 
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described in greater detail in "The Properties of Gases and Liquids". 4th Edition, 
publisher McGraw Hill, written by Reid, Prausnitz and Poling, on pages 241 to 
387; and in "Phase Equilibria in Chemical Engineering", published by 
Butterworth Publishers, 1985, written by Stanley M. Walas, pages 165 to 244; the 
5 entire disclosure of each of the previously identified references are hereby 

incorporated by reference. 

Without wishing to be bound by any theory or explanation, it is believed 
that the NRTL equation can sufficiently predict whether or not mixtures of HF 
and CFC-216aa behave in an ideal manner, and can sufficiently predict the 
10 relative volatilities of the components in such mixtures. Thus, while HF has a 

good relative volatility compared to CFC-216aa at low CFC-216aa concentrations, 
the relative volatility becomes nearly 1 .0 as 22.6 mole percent CFC-21 6aa was 
approached at 60°C. This would make it impossible to separate CFC-216aa from 
HF by conventional distillation from such a mixture. Where the relative volatiUty 
15 approaches 1 .0 defines the system as forming a near-azeotrope. Where the 
relative volatility is 1.0 defines the system as forming an azeotrope. 

It has been found that azeotropes of HF and CFC-216aa are formed at a 
variety of temperatures and pressures. At a pressure of 12.7 psia (87.7 kPa) and 
4'»C, the azeonope vapor composition was found to be about 85.7 mole percent 
20 HF and about 14.3 mole percent CFC-216aa. At a pressure of 89.9 psia (620 kPa) 
and &)"€, the azeotrope vapor composition was found to be about 77.4 mole 
percent HF and about 22.6 mole percent CFC-216aa. Based upon the above 
findings, it has been calculated that an azeotropic composition of about 86.2 mole 
percent HF and about 13.8 mole percent CFC-216aa can be formed at O'C and 
25 1 0.7 psia (73 .9 kPa) and an azeotropic composition of about 68.7 mole percent HF 
and about 3 1 .3 mole percent CFC-216aa can be formed at 1 lO^C and 322 psia 
(2217 kPa). Accordingly, the present invention provides an azeotrope or 
azeotrope-like composition consisting essentially of from about 86.2 to 68.7 mole 
percent HF and from about 13.8 to 31.3 mole percent CFC-216aa, said 
30 composition having a boiling point from about 0»C at 73.9 kPa to about 1 10»C at 
2217 kPa. 

The CFC-21 6aa/HF azeotrope is useful as recycle to a chlorofluorination 
reactor, where the recycled HF can function as a reactant and the recycled 
CFC-216aa can fimction to moderate the temperature effect of the heat of reaction. 
35 The azeotrope can also be use as a starting material for the production of 
1,1,1,3,3,3-hexafluoropropane (i.e., CF3CH2CF3 or HFC-236fa), 2-chloro- 
1,1,1,2,3,3,3-heptafluoropropane (i.e., CF3CCIFCF3 or CFC-217ba) and 
perfluoropropane (i.e., CF3CF2CF3 or FC-218). It will also be apparent to one of 
ordinary skill in the art that distillation including azeotropes with HF can typically 
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be run under more convenient conditions than distillation without HF, e.g., where 
HF is removed prior to distillation. HF may be removed ftom the halogenated 
hydrocarbon components of the product mixture using conventional aqueous 
solution scrubbing techniques. However, the production of substantial amounts of 

5 scrubbing discharge can create aqueous waste disposal concerns. 

CFC-216aa (essentially free of HF or as an azeotrope with HF) can be 
hydrogenolyzed to HFC-236fa either in the presence or the absence of a catalyst. 
PCT International Publication No. WO 96/17813 discloses a process for the 
hydrogenolysis of CFC-2l6aa to HFC-236fa at an elevated temperature of about 

10 300°C or less in the presence of a catalyst containing a catalytically effective 

amount of palladium supported on a support selected from the group consisting.of 
fluorinated alumina, aluminum fluoride and mixtures thereof. U.S. Patent 
No. 5,364,992 discloses a process for the hydrogenolysis of CFC-216aato 
HFC-236fe contacting CFC-216aa with at least 0.1 mole of hydrogen per mole of 

15 CFC-2 1 6aa in an empty reaction vessel of nickel, iron or their alloys at a pressure 
within the range of from 0 psig (101 kPa) to 1000 psig (6994 kPa), at a 
temperature within the range of from 350''C to 700X and for a time sufficient to 

produce HFC-236fiL 

While the initial mixture treated in accordance with the present invention 

20 can be obtained from a variety of sources, including by adding CFC-2 1 6aa to 

HF-containing compositions, an advantageous use of the instant invention resides 
in treating the effluent mixtures from the preparation of CFC-2 1 6aa as described 
above. Generally, the reaction effluents have a molar ratio of HF:CFC-216aa 
fiomabout 0.1:1 to about 100:1. The preferred HF:CFC-216aa molar ratio is 

25 from about 1 : 1 to 1 0: 1 for vapor phase fluorination reactions and about 1 : 1 to 
about 50:1 for liquid phase reactions. The most preferred HF:CFC-216aa molar 
ratio is from about 2:1 to 5: 1 to achieve maximum benefit from the instant 
process. When the initial mixture treated in accordance with the invention also 
contains HCl and other low-boUers (e.g., CF3CCIFCF3), the HCl and other low- 

30 boilers can be removed in another distillation column before feeding the mixture 
to the azeotrope separation columns. 

High-boilers, if present, can be removed in an independent distillation 
column after separation of HF from CFC-216aa. 

The distillation and separation equipment and its associated feed lines, 

35 effluent lines and associated units should be constructed of materials resistant to 
hydrogen fluoride, hydrogen chloride and chlorine. Typical materials of 
construction, well-known to the fluorination art, include stainless steels, in 
particular of the austenitic type, and the well-known high nickel alloys, such as 
Monel® nickel-copper alloys, HasteUoy® nickel-based alloys and, Inconel® 

7 
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nickel-chromium alloys. Also suitable for reactor fabrication are such polymeric 
plastics as polytrifluorochloroethylene and polytetrafluoroethylene, generally used 
as linings. 

Without further elaboration, it is believed that one skilled m the art can, 
5 using the description herein, utilize the present invention to its fullest extent. The 
foUowing preferred specific embodiments are, therefore, to be constmed as merely 
illustrative, and does not constrain the remainder of the disclosure in any way 
whatsoever. 

p yAMPLES 

10 Legend 

1 1 3 is CCI2FCCIF2 1 1 4 is CCIF2CCIF2 

115 is CCIF2CF3 215aa is CCIF2CI2CF3 

215 ca is CCI2FCF2CCIF2 216aa is CF3CCI2CF3 

216ba is CCIF2CCIFCF3 216ca is CCIF2CF2CCIF2 

15 2 1 7ba is CF3CCIFCF3 217ca is CCIF2CF2CF3 

226da is CF3CHCICF3 1213xa is CCI2-CCICF3 

1214 is C3CI2F4 1215isC3ClF5 
T is temperature C.T. is contact time 

pyAMPLE 1 

20 In the foUowing example, all values for the compounds are in moles per 

unit time and temperatures are in degrees Celsius. The data were obtained by 
calculation using measured and calculated thermodynamic properties. The 
numbers at the top of the coltmms refo: to Fig. 1 . 

KXAMPLE 1 



25 





210 


100 




Feed 


Cooler 


Compound 


Mixture 


Feed 


HF 


60 


63.2 


216aa 


10 


10.8 


Temp. "C 


50 


48.4 


Press. KPa 


791 


446 


(psia) 


(114.7) 


(64.7) 



200 
Decanter 
Feed 


225 
HF-Rich 
Phase 


230 

Oreanic-Rich Phase 


63.2 


62.9 


0.35 


10.8 


0.71 


10.1 


0 


0.0 


0.0 


515 


515 


515 


(74.7) 


(74.7) 


(74.7) 
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Compound 


FXAMPLE 1 fContinued) 

235 310 240 
HF Col. HF Col. Org. Col. 
Dist. Tails Dist. 


Org. Col. 
Tails 


HF 
216aa 


2.9 
0.71 


60 

<0.01 


0.35 
0.07 


<0.01 
10.0 


Temp. "C 
Press. kPa (psia) 


48.3 

446 
(64.7) 


67.7 

460 
(66.7) 


48.4 

446 
(64.7) 


84.6 

460 
(66.7) 



FXAMPLE 2 
CF3CCl=CCl2 + CI2 + 3HF CF.CCbCFs + 3HC1 
Chromium oxide (47.25 g, 35 mL, 10-20 mesh, (2.0-0.84 mm)), obtained 
5 from the pyrolysis of ammonium dichromate prepared according to the procedure 
described in U.S. Pat No. 5,036,036, was placed in a 5/8" (1.58 cm) diameter 
Inconel® nickel alloy reactor heated in a fluidized sand bath. It was heated to 
175''C in a flow of nitrogen (50 cc/min) at which time HF flow (50 cc/min) was 
ako started through the reactor. After 1 5 minutes, the nitrogen flow was 
10 decreased to 20 cc/min and the HF flow increased to 80 cc/min. The reactor 
temperature was gradually increased to 400°C during a 2 hour period and 
maintained at 400*'C for an additional 30 minutes. At the end of this period the 
reactor was brought to the desired operating temperature for catalyst evaluation 

under a nitrogen flow. 
15 The results of the chlorofluorination reaction are shown in Table 2 in area 



9 



BNSOOCIO: <WO 9951556A2J_> 



wo 99/51556 



PCT/US99/07224 



TABLE 2 



op 


20:1:2 


60 


X 1 /ua 

0.3 


1.8 


lO.l 


9.9 


74.9 


3.0 




20:1:2 


60 


0.5 


2.5 


15.6 


10.8 


67.8 


2.8 




20:1:4 


60 


0.5 


0.7 


10.6 


13.2 


72.4 


2.6 




10:1:2 


60 


0.2 


0.3 


5.7 


9.7 


82,4 


1.7 


260 


20:1:4 


30 


0.5 


0.8 


8.5 


11.8 


76.2 


2.3 


275 


20:1:2 


30 


l.l 


2.5 


23.4 


12.4 


57,8 


2.8 


275 


20:1:2 


60 


LO 


2.8 


27.8 


11.2 


54.9 


2.4 


275 


20:1:4 


15 


1.5 


l.l 


16.0 


14.9 


64.4 


2.1 


300 


10:1:2 


30 


1.3 


1.1 


45.7 


9.5 


40.9 


1.5 


300 


20:1:2 


30 


3.1 


1.9 


48.3 


12.8 


31.6 


2JL 


300 


20:1:2 


15 


3.4 


2.7 


45.4 


11.4 


34.6 


2.5 


325 


6:1:2 


30 


3.9 


0.0 


80.7 


9.7 


4.7 


1.0 



others include mostly 1215, as weU as 113. 114. 115. 1214. 215ca, 216ca 
and 217ca. 

F.XAMPLE 3 

5 CF3CCI2CF3 + H:> CF3CH2CF1; + CF3CHCICF3 

A 15" (381 mm) X 3/8" (9.5 mm) O.D. gold-lined Hastelloy C276® nickel 
alloy U-tube reactor was used for hydrodehalogenation, CF3CCI2CF3 and H2 
were fed to the reactor at a pressure of 300 psig (2169 kPa) with a molar ratio of 
H2:CF3CCl2CF3 of 6:1. Results (in mole %) of the hydrodehalogenation reaction 

10 at various temperatures and contact times are shown in Table 3. 
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TABLEl 



Temp. 

"C 


C.T. 
Cmin) 


% Conv. 
216aa 


% Sel. to 


% Sel. To 


200 


1.8 


1 


/ 


1 


440 


1.2 


34 




yj 


440 


2.4 


61 




R7 
o / 


480 


0.6 


57 


1 1 


oo 


480 


1.2 


92 


34 


fkfk 

OD 


480 


2.3 


94 


40 


Ov 


520 


0.6 


95 


43 




520 


1.1 


99 


54 




520 


2.2 


100 


7o 




560 


0.5 


100 


/ / 




560 


1.1 


100 


o/ 


1 J 


560 


2.1 


100 


yj 




580 


1 


100 


95 


5 


590 


1 


100 


97 


2 


600 


0.5 


100 


95 


4 


600 


1 


100 


98 


1 


600 


2 


100 


98 


0 
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CLAIMS 

1 . A process for the separation of a mixture comprising HF and 

CF3CCI2CF3, comprising: 

(a) placing the mixture in a separation zone at a temperature of from 
5 about 0°C to about 1 OO^C and at a pressure sufficient to maintain the mixture in 
the liquid phase, whereby an organic-enriched phase comprising less than 69 mole 
percent HF is formed as the bottom layer and an HF-enriched phase comprising 
more than 90 mole percent HF is foraied as the top layer; 

(bl) withdrawing the organic-enriched phase from the bottom of the 
10 separation zone and distilling it in a distillation column; 

(cl) removing the distillate comprising HF and CF3CCI2CF3 from the 
top of the distillation column of (bl); and 

(dl) recovering CF3CCI2CF3 which is essentially free of HF from the 
bottom of the distillation column of (bl). 
15 2. The process of Claim 1 wrtierein the separation zone is operated at a 

temperature of from 0"*C to 25**C. 

3. The process of Claim 1 vdierein the distillate removed in (cl) is 

recycled to the separadon zone. 

4. A process for the separation of a mixture comprisii^ HF and 
20 CF3CCI2CF3, comprising: 

(a) placing the mixture in a separation zone at a temperature of from 
about 0°C to about lOO'C and at a pressure sufficient to maintain the mixture in 
the liquid phase, whereby an organic-enriched phase comprising less than 69 mole 
percent HF is formed as the bottom layer and an HF-enriched phase comprising 
25 more than 90 mole percent HF is formed as the top layer; 

(b2) withdrawing the HF-enriched phase from the top of the separation 
zone and distilling it in a distillation column; 

(c2) removing the distillate comprising HF and CF3CC12CF3 from the 
top of the distillation column of (b2); and 
30 (d2) recovering essentially pure HF from the bottom of the distillation 

column of (b2). 

5. The process of Claim 4 wherein the distillate removed in (c2) is 
recycled to the separation zone. 

6. The process of Claim 5 further comprising (bl) witiidrawing the 

35 organic-enriched phase from the bottom of the separation zone and distilling it in 
a distillation colunm; (cl) removing the distillate comprising HF and 
CF3CCI2CF3 from the top of tiie distillation column of (bl); and (d.l) recovering 
CF3CCI2CF3 which is essentiaUy free of HF from tiie bottom of tiie distillation 
column of(bl). 

12 
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7. A process for producing 1 ,1,1,3,3,3-hexafluoropropane, 
characterized by: 

contacting (i) a composition comprising hydrogen fluoride in 
combination with an effective amount of CF3CCI2CF3 to form an azeotrope or 
5 azeotrope-like composition with hydrogen fluoride, said composition containing 
from about 13.8 to 31.3 mole percent CF3CCI2CF3 with (ii) hydrogen; and 

reacting the CF3CCI2CF3 with hydrogen in the presence of HF. 

8. A process for producing 1,1,1,3,3,3-hexafluoropropane from a mixture 
comprising HF and CF3CCI2CF3, characterized by: 

10 (a) placing the mixture in a separation zone at a temperature of from 

about O'^C to about 100**C and at a pressure sufficient to maintain the mixture in 
the liquid phase, whereby an organic-enriched phase comprising less than 69 mole 
percent HF is formed as the bottom layer and an HF-enriched phase comprising 
more than 90 mole percent HF is formed as the top layer; 

15 (bl) withdrawing the organic-enriched phase from the bottom of the 

separation zone and distilling it in a distillation column; 

(cl) removing the distillate comprising HF and CF3CCI2CF3 from the 
top of the distillation column of (bl); 

(dl) recovering CF3CCI2CF3 which is essentially free of HF from the 
20 bottom of the distillation column of (bl ); and 

(e) reacting said CF3CCI2CF3 from (dl) with hydrogen. 

9. A composition comprising hydrogen fluoride in combination with an 
effective amount of CF3CCI2CF3 to form an azeotrope or azeotrope-like 
composition with hydrogen fluoride, said composition containing from about 13.8 

25 to 3 1 .3 mole percent CF3CCI2CF3. 
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